Abstract. As the importance of recommender systems increases, in combination with the explosion in data available over the internet and in our own digital libraries, we suggest an alternative method of providing explicit user feedback. We create a tangible interface, which will not only facilitate multitasking but provide an enjoyable way of completing an otherwise frustrating and perhaps tiresome task.
Introduction
Recommender systems play a key role in academia and industry. One of the bestknown recommender sytems is the, "Customers who bought this item also bought..." application from Amazon. The research area of Ambient Intelligence is based on user adaptation and anticipation [1] . The success of the algorithms responsible for the recommendations and adaptations depend on information they gather from the user. They may either do this implicitly through observation, such as logging users' buying behavior, or explicitly by recording direct ratings from the users. Explicit feedback can be very laborious for the users [2, 3] and hence implicit feedback is often preferred. However, not all desirable knowledge about the users' state manifests itself in observable behavior. The decision of which music a certain person likes in a specific situation may depend on factors that are not detectable through current sensor technology. A certain lighting condition may, for example, evoke a particular sentimental memory, which causes the user to pick a piece of music from that period. Explicit feedback may help to overcome limitations of implicit feedback-based recommendation systems.
One way to overcome problems associated with gathering data from users is to turn the task into a fun activity, as was presented convincingly by Ahn [4] [5] [6] . We developed a haptic interface to turn the process of giving feedback into a fun activity (see Figure 1) . We took inspiration from a game often found in Sega World arcades called, "Hammer the Gopher". In this game, the player has to hit gophers with a hammer as soon as they emerge from their holes. Hitting a cute character is a fun activity and the strength of the hit can easily be mapped to a negative rating. A second inspiration came from Nintendo's "Dogs", and "Aibo". In both cases the user can encourage a certain behavior of the creature by petting it. The number of strokes can then easily be mapped onto a positive rating. Our haptic interface is embedded into a flat teddy bear and incorporates a touch sensor and a force sensor. The touch sensor is located in the forehead and responds to even the slightest strokes. The force sensor is embedded into the teddy's nose, since the nose is the teddy's highest point. Through a series of test we were able to develop an algorithm that reliably distinguished between strokes and hits based on the sensor readings.
Need for Effortless, Fast Rating
Over the past few years we have observed an explosion in the amount of data and media available over the internet. Not only have online resources increased but our digital libraries at home have also grown exponentially. The tiny iPod Nano, with its slim design allows for storage of up to 8 GB, which translates to approximately 2000 songs. With the regular iPod providing up to 80GB of storage, which translates to 20.000 songs or 100 hours of movies, we can assume that 8 GB is only a fraction of what people have stored on their PCs. It is evident that not only "mobile" media players (iPods etc.) but also the media we have safely secured on our PCs has increased dramatically. A quick review of several forums [7, 8] that discuss the number of songs in the members' music libraries reveals that on an average people have about 5400 songs. To navigate through this bulk of information, recommender systems can prove invaluable. As the thought of rating 5400 songs in one go could seem overwhelming or even be branded, "mission impossible", it seems essential to have a fast, simple, effortless way of rating music. To that end, the development of an interface that permits the users to rate the music while listening to it, without distracting them from their daily PC activities, sounds ideal.
Tangible Interfaces Facilitate Multitasking
By using a simple tangible interface for rating music, the task of rating becomes simple and fast without taking the users' attention away from other activities. Imagine the following scenario: Someone is busy searching for information on the internet and reading documents while listening to music. The interface we created is located next to his PC. While listening to some music, the user realizes he really likes it and wishes to provide/record a rating. There is no need for the user to change application and go through a set of menus in order to rate the music; all he needs to do is simply reach out and pet the teddy bear without taking his eyes off the screen, thus making the process seamless. The existence of peripheral devices can increase the user's ability to multitask as indicated by the creation of Kimura, on office environment that uses peripheral displays in order to facilitate common multitasking practices. The success of Kimura and its advantages compared to other similar projects like Rooms [9] , lies in the fact that it does not rely on displaying even more information in the already overloaded desktop, but instead distributing it in the environment [10] . In the same way, by distributing activity to the environment via a peripheral tangible interface, multitasking is facilitated. "Moreover, constraining the interaction to the desktop is a poor match for common human behaviors such as using large amounts of physical space to simultaneously organize, monitor and manage multiple activities" [10, 11] .
Need for Explicit Feedback
The need for explicit feedback has been made evident through extensive research in the field of recommender systems. Quiroga and Mostafa [12] , compared 3 different methods for user profiling using a) only explicit feedback, b) only implicit feedback and c) a combination of the two. The results showed that the method using explicit feedback initially proved superior but at a certain stage reached a plateau, which surpassed only by the combined method. Combining implicit with explicit feedback is also supported by Zigoris and Zhang [13] , who point out the necessity of explicit feedback at the early stages where recommender systems are still getting to know the user. Therefore it makes sense to concentrate efforts on creating an interface that will provide an easy, fast and pleasurable way of giving feedback. By creating this interface, we have attempted to satisfy/fulfill this need. By highlighting the possibility and benefits of using a tangible interface, we hope to inspire future research in this direction.
Evaluation
In a pilot study, we asked the participants to rate music using either our haptic interface (See Figure 1) or a standard graphical user interface (GUI). The experiment was set up with the type of interface as the only within participant condition. The participants were allowed to rate as many or as few songs as they wished. The following measurements were automatically logged by the software: the number of songs rated, the total duration the participant spends on rating the songs, the average duration the participant spends on rating each song, the number of positive and negative ratings, and the total intensity of positive ratings. It did not make sense to compare the intensities of negative ratings, since the GUI provided very different data (scale) compared to the haptic interface (force sensor data). Two female and sixteen male participants, between the ages 21 and 42 years (mean 27.1), partook in the experiment. They were all associated with ATR, Japan. An analysis of variance (ANOVA) revealed that there were not significant differences between the measurements across the two conditions. Table 1 shows the mean and standard errors of the mean (SEMs) for all measurements in both conditions. 
Conclusion
The participants were given the specific task of rating music, which naturally favors efficient rather than enjoyable interaction. Even with such a focused task, the haptic interface did perform as well as the GUI. It can be expected that the haptic interface may perform better than the GUI if it is integrated into the daily activities of the users. Next, we intend to perform a long-term study, in which the haptic interface will be available to the users during their daily computer-based work. As other studies also suggest [14, 15] , there seems to be a preference towards tangible interfaces when compared to GUIs. The haptic interfaces appear to score higher on 'hedonic quality' [16] . Furthermore, by integrating this interface into the users' daily activities we will be able to study whether this interface facilitates multitasking as expected. The interface is of course not limited to rating music, but can be used for any kind of explicit feedback.
By answering the call for explicit feedback with the creation of a fun and easy-touse tangible interface that is expected to support multitasking, we have opened a new way for the improvement of recommender systems. Most research in recommender systems, as discussed in the introduction, merely refers to recommender system types and algorithms. This paper indicates the potential benefits in using a tangible interface for supporting recommender systems and thus points out the importance of studying and exploring not only the recommender types and algorithms, but also the interface, in order to improve recommender systems.
